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Background: As dendritic cells (DCs) are the major antigen-presenting cells of the immune system,
understanding their role in esophageal cancer is essential for the development of preventative and treatment
strategies. This study investigated the expression level and clinical value of tumor infiltrating dendritic cells
(TIDCs) in tumor tissues of patients with esophageal cancer.

Methods: From January 2019 to January 2021, 184 patients with esophageal cancer treated were
prospectively enrolled as the observation group and 184 patients with benign esophageal tumors were
selected as the control group. Tumor tissue samples were obtained and the expression level and phenotypes
of the TIDCs were analyzed. The correlation between TIDC expression and clinical characteristics of
patients with esophageal cancer was investigated.

Results: The density of the TIDCs in the observation group was lower than that in the control group
(8.76x2.25 vs. 9.97+2.19; P=0.000). Furthermore, the percentage of major histocompatibility complex-II
(MHC-II) positive DCs and the percentage of CD54 positive DCs were relatively lower in the observation
group compared to the control group (6.60%=2.12% vs. 9.34%=2.41%; P=0.000 and 7.41%+2.36% uvs.
9.98%+2.47%; P=0.000, respectively). Esophageal cancer patients with lymph node metastasis had lower
TIDC density, lower percentage of MHC-II positive DCs, and lower percentage of CD54 positive DCs
compared to patients without node metastasis (P<0.05). Patients with stage III esophageal cancer also
showed significantly lower TIDC density, lower percentage of MHC-II positive DCs, and lower percentage
of CD54 positive DCs compared to patients with stage I/II esophageal cancer (P<0.05). Esophageal cancer
patients with tumor diameter >4 cm presented with decreased TIDC density, decreased percentage of MHC-
II positive DCs, and decreased percentage of CD54 positive DCs compared to patients with tumor diameter
<4 cm (P<0.05). In addition, the density of TIDCs, the percentage of MHC-II positive DCs, and the
percentage of CD54 positive DCs were significantly negatively correlated with the percentage of CD4"
T-lymphocytes and positively correlated with the percentage of CD8" T-lymphocytes (P<0.05).
Conclusions: Patients with esophageal cancer had low expression and function of TIDCs, and this was

related to the imbalance of T-lymphocyte subsets, lymph node metastasis, TNM stage, and lesion size.
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Introduction

Esophageal cancer is a common malignant tumor of the
digestive system. It can metastasize in the early stages and is
associated with high postoperative recurrence and mortality
(1-3). The metastasis of tumor cells is closely related to the
biological characteristics of the tumor. Some esophageal
cancer cells have strong invasiveness and infiltration ability.
The immune system plays a key role in the occurrence and
development of malignant tumors. Studies have shown that
there is an imbalance of T-lymphocyte subsets in a variety
of malignant tumor tissues, which is manifested as a drift
of helper T-lymphocyte 1 (Thl)/helper T-lymphocyte
2 (Th2) immunity to Th2 immunity (4), an increase in
regulatory T-lymphocytes (5,6), and a decrease in the
number of cytotoxic T-lymphocytes (7,8). This leads a
reduced ability to kill tumor cells, resulting in the immune
escape of tumor cells. Dendritic cells (DC) are the most
powerful antigen-presenting cells. They can transmit the
information of molecular markers and metabolites on the
surface of tumor cells to T-lymphocytes, stimulate the
proliferation and activation of T-lymphocytes, produce a
large number of cytotoxic T-lymphocytes, thereby killing
tumor cells. Tumor infiltrating dendritic cells (TIDCs) refer
to DCs infiltrating tumor tissues and these can reflect the
anti-tumor immune ability of the patient. Recent studies
have shown that the expression of TIDCs is reduced in a
variety of tumor tissues and these TIDCs are functionally
immature (9-17), resulting in reduced ability to stimulate
T-lymphocyte proliferation and activation. These results
suggested that reduction in DC numbers may be one
mechanisms by which abnormal quantity and function of
T-lymphocyte subsets affect malignant tumors. DCs in
esophageal tissue may play an important role in tumor
immunity (18) and studies have shown that increases in
the number of DCs can improve the immune function
and prolong the survival time of patients with esophageal
cancer (19,20). DCs can kill tumor cells by stimulating the
proliferation of T cells, and then inhibit the proliferation
and metastasis of tumor cells. Thus, the expression of DCs
in patients with esophageal cancer may play a crucial role in
the prognosis of these patients. However, there is a paucity
of data exploring the expression levels and its functions of
TIDCs in tumor tissues of patients with esophageal cancer.
Moreover, the association between the clinical characters
and TIDCs in tumor tissues of patients with esophageal
cancer was not clear. This study investigated the expression
level and clinical value of TIDCs in tumor tissues of
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patients with esophageal cancer.

We present the following article in accordance with
the MDAR reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-578).

Methods
General data

A total of 184 patients with esophageal cancer treated
in our hospital from January 2019 to January 2021 were
enrolled in this study. The following inclusion criteria were
applied: (I) patients aged 18-74 years old with a positive
pathological diagnosis of esophageal cancer; (II) esophageal
cancer tissue could be obtained; and (III) the patient
provided signed informed consent. Patients were excluded
if they presented with any of the following: (I) postoperative
recurrence of esophageal cancer; (II) metastatic esophageal
cancer; (III) other types of malignant tumors; (IV) liver or
kidney dysfunction; (V) cardiac, cerebral, or pulmonary
insufficiencies; (VI) special treatment such as radiotherapy,
chemotherapy, or molecular biological therapy before
the operation; (VII) use of immunomodulator within 1
month of the operation; (VIII) other immune diseases
such as ulcerative colitis; or (IX) infections. According to
the above criteria, 184 patients with esophageal cancer,
including 126 males and 58 females, aged 38-75 years (mean
age 59.62+5.12 years) were enrolled in the observation
group. There are 76 patients with lymph node metastasis,
80 patients with TNM stage I/1I, and 104 patients with
TNM stage III. All patients presented with squamous
cell carcinoma. Low or middle grade differentiation of
tumor cells was observed in 60 cases and high tumor cell
differentiation was noted in 124 cases. The maximum
diameter of the tumor was 1.78-7.86 ¢m (mean diameter
3.65£1.24 cm). A total of 184 patients with benign
esophageal masses treated in our hospital during the same
period were selected as the control group. All procedures
performed in this study involving human participants were
in accordance with the Declaration of Helsinki (as revised
in 2013). The study was approved by the ethics committee
of the First Affiliated Hospital of Jiamusi University (Ethics
Approval No.: 2019-01-23) and informed consent was taken
from all the patients.

Outcome measures

The percentage of TIDCs, major histocompatibility
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Table 1 The expression and phenotypic changes of TIDCs

Pei et al. TIDCs in esophageal cancer

Group N Density of TIDCs MHC-II positive DCs (%) CD54 positive DCs (%)
Observation 184 8.76+2.25 6.60+2.12 7.41+£2.36
Control 184 9.97+2.19 9.34+2.41 9.98+2.47

t value 5.227 11.579 10.205

P value 0.000 0.000 0.000

TIDCs, tumor infiltrating dendritic cells; MHC-II, major histocompatibility complex-Il; DCs, dendritic cells.

complex-II (MHC-II) positive DCs, and CD54 positive
DCs in the lesion tissues of the patients were assessed.
The percentage of CD4" T-lymphocytes and CD8"
T-lymphocytes in the lesion tissues was also examined. The
clinical characteristics of the patients, including age, gender,
lymph node metastasis, TNM stage, tumor diameter, and
tumor cell differentiation, were collated.

Detection methods

The percentage of CD4" T-lymphocytes and CD8"
T-lymphocytes in the esophageal cancer tissues and benign
esophageal tumor tissues were assessed by flow cytometry
(Beckman Coulter, Epics XL, USA).

To determine the percentage of TIDCs, MHC-II
positive DCs, and CD54 positive DCs in the lesion tissues,
tumor tissues were obtained more than 0.8 cm from the
tumor edge of esophageal cancer patients. In the control
group, benign tumor tissues were harvested. The lesion
tissues were stained by immunohistochemistry. Five visual
fields were randomly chosen for observation under a
microscope at 200x magnification. The number of TIDCs
was counted and the mean value was calculated. MHC-
IT and CD54 phenotypes of DCs were detected by flow
cytometry (Beckman Coulter, Epics XL).

Statistical analysis

All statistical analyses were performed using the SPSS
22.0 software. An o value of 0.05 was set as the inspection
standard. All tests were bilateral tests. Measurement data is
expressed as mean * standard deviation and the differences
between the two groups were analyzed by independent
sample #-test. Pearson linear correlation analysis was used
to analyze the correlation between the measurement data.

© Journal of Gastrointestinal Oncology. All rights reserved.

Results
The expression and phenotype changes of TIDCs

The density of the TIDCs in samples from patients with
esophageal cancer (the observation group) was lower than
that in patients with benign esophageal masses (the control
group) (8.76+2.25 vs. 9.97+2.19; P=0.000). Furthermore,
the percentage of MHC-II positive DCs detected in
the observation group was relatively lower compared
to that observed in the control group (6.60%+2.12%
vs. 9.34%+2.41%; P=0.000; Table 1). Similarly, the
percentage of CD54 positive DCs was relatively lower
in the observation group compared to the control group
(7.41%+2.36% vs. 9.98%x2.47%; P=0.000; Table 1 and
Figure 1).

The expression of T-lymphocyte subsets

The expression of CD4" T-lymphocytes in the observation
groups was higher than that in the control group
(24.81%+3.72% wvs. 20.77%+3.63%; P=0.000; Table 2).
Conversely, the expression of CD8" T-lymphocytes was
lower in the observation group compared to the control
group (20.90%+4.12% wvs. 23.08%+4.42%; P=0.000;
Table 2).

The correlation between the expression of TIDCs in
esophageal cancer tissues and the clinical characteristics of
patients with esophageal cancer

In esophageal cancer patients with lymph node metastasis,
the density of the TIDCs was lower than that observed
in patients without lymph node metastasis (P<0.05).
Furthermore, patients with TINM stage III carcinoma had
lower TIDC density compared to patients with TNM
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Figure 1 TIDCs showed dark-brown staining. A figure showed that TIDCs were mainly distributed in the peritumoral area but were

sparsely present in the intratumoral area (immunohistochemical method, x200). TIDCs, tumor infiltrating dendritic cells.

Table 2 The expression of T-lymphocyte subsets

CD4" T-lymphocytes

CD8" T-lymphocytes

Group N %) (%)
Observation 184 24.81+3.72 20.90+4.12
Control 184 20.77+3.63 23.08+4.42
t value 10.544 4.894

P value 0.000 0.000

stage I/11 esophageal cancer (P<0.05). Patients with tumor
diameter >4 cm also showed lower TIDC density in the
esophageal cancer tissues compared to patients with tumor
diameter <4 cm (P<0.05; Table 3).

The correlation between the expression of MHC-1I
positive DCs in esopbageal cancer tissues and the clinical
characteristics of patients with esopbageal cancer

The percentage of MHC-II positive DCs in esophageal
cancer with lymph node metastasis was lower compared
to patients without lymph node metastasis (P<0.05).
Furthermore, patients with stage III esophageal cancer had
proportionately fewer MHC-II positive DCs compared to
patients with stage I/1I cancer (P<0.05). Patients with tumor
diameter >4 cm also had fewer MHC-II positive DCs in
the esophageal cancer tissues compared to patients with of
patients with tumor diameter <4 cm (P<0.05; Table 4).

The correlation between the expression of CD54 positive
DCs in esophageal cancer tissues and the clinical
characteristics of patients with esopbageal cancer

The percentage of CD54 positive DCs in esophageal cancer

© Journal of Gastrointestinal Oncology. All rights reserved.

Table 3 The correlation between the expression of TIDCs in
esophageal cancer tissues and the clinical characteristics of patients
with esophageal cancer

Category N TIDCs tvalue  Pvalue

Age 0.060 0.952
>60 years 96  8.75+2.26
<60 years 88  8.77+2.27

Gender 0.250 0.803
Male 126 8.73+2.17
Female 58  8.82+2.46

Lymphatic metastasis 4.108 0.000
Yes 76  7.98+2.18
No 108 9.31+2.15

TNM stage 4132 0.000
Stage /Il 80 9.51+2.27
Stage llI 104 8.18+2.08

Grade of differentiation 0.930 0.354
Middle or low 60  8.98+2.23
High 124  8.65+2.27

Tumor diameter 4.979 0.000
>4 cm 86  7.93+2.11
<4.cm 98  9.49+2.13

TIDCs, tumor infiltrating dendritic cells.

patients with lymph node metastasis was lower compared to
patients without lymph node metastasis (P<0.05). Patients
with stage IIT esophageal cancer showed fewer CD54 positive

DCs in esophageal cancer tissues compared to patients with
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Table 4 The correlation between the expression of MHC-
IT positive DCs in esophageal cancer tissues and the clinical
characteristics of patients with esophageal cancer

Pei et al. TIDCs in esophageal cancer

Table 5 The correlation between the expression of CD54 positive
DCs in esophageal cancer tissues and the clinical characteristics of
patients with esophageal cancer

Category MHgglsp((oJ/:)itive t value P value Category N CDS?;SE);: ;ive tvalue P value
Age 0.127 0.899 Age 0.486  0.628
>60 years 96 6.58+2.07 >60 years 96 7.33+2.47
<60 years 88 6.62+2.20 <60 years 88 7.50+2.26
Gender 0.857 0.392 Gender 0.266  0.791
Male 126 6.51+2.08 Male 126 7.38+2.40
Female 58 6.80+2.24 Female 58 7.48+2.31
Lymphatic metastasis 8.023 0.000 Lymphatic metastasis 7.027 0.000
Yes 76 5.31+1.79 Yes 76 6.11+1.74
No 108 7.51+1.86 No 108 8.32+2.32
TNM stage 4.751 0.001 TNM stage 4.281 0.000
Stage /Il 80 7.40+2.01 Stage I/1l 80 8.22+2.34
Stage Il 104 5.98+2.01 Stage Ill 104 6.78+2.20
Grade of differentiation 1.381 0.169 Grade of 1509 0.133
Middle or low 60  6.29+2.07 differentiation
High 124 6.759.14 Middle or low 60 7.03+2.59
Tumor diameter 6.030  0.000 High 124 759:2.24
>4 cm 86 5.68+2.01 Tumor diameter 6.420 0.000
<4 om 98 7.41+1.88 =4 cm 86 6.33+2.02
<4 cm 98 8.36+2.24

MHC-II, major histocompatibility complex-Il; DC, dendritic cells.

TNM stage I/IT (P<0.05). The percentage of CD54 positive
DCs in esophageal cancer tissues of patients with tumor
diameter >4 cm was also lower than that observed in patients
with tumor diameter <4 cm (P<0.05; Table 5).

The correlation of TIDC expression and phenotypes with
T-lymphocyte subsets in esophageal cancer tissues

The density of TIDCs, the percentage of MHC-II
positive DCs, and the percentage of CD54 positive DCs
were all negatively correlated with the percentage of
CD4" T-lymphocytes and positively correlated with the
percentage of CD8" T-lymphocytes (P<0.05; Table 6).

Discussion

Tumor infiltrating immune cells play a key role in the

© Journal of Gastrointestinal Oncology. All rights reserved.

DC, dendritic cells.

occurrence and development of tumors. Immune cells in the
tumor microenvironment can kill tumor cells, but if they are
immunosuppressed in the microenvironment, tumor cells
can escape. In recent years, studies have demonstrated that
DCs are abnormally expressed in tumor tissues, and indeed
this may be a potential mechanism of tumor cell immune
escape (15,21,22). The current study showed that the
percentage of TIDCs, MHC-II positive DCs, and CD54
positive DCs in esophageal cancer decreased, and this was
correlated with lymph node metastasis, TNM stage, and
lesion size. The density of the TIDCs, the percentage
of MHC-II positive DCs, and the percentage of CD54
positive DCs were negatively correlated with the percentage
of CD4" T-lymphocytes and positively correlated with the
percentage of CD8" T-lymphocytes (P<0.05).

When the number of TIDCs are reduced in the tissue,
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Table 6 The correlation of TIDC expression and phenotypes with
T-lymphocyte subsets in esophageal cancer tissues

CD4" T-lymphocytes ~ CD8" T-lymphocytes

Category

(%) (%)

TIDCs

r value -0.264 0.262

P value 0.002 0.003
MHC-II positive DCs (%)

r value -0.268 0.302

P value 0.001 0.000
CD54 positive DCs (%)

r value —-0.301 0.289

P value 0.000 0.000

TIDCs, tumor infiltrating dendritic cells; MHC-II, major
histocompatibility complex-Il; DCs, dendritic cells.

the body cannot effectively recognize the tumor cell
antigen, resulting in insufficient T-lymphocyte subset
proliferation and activation. This results in ineffective
inhibition of tumor angiogenesis and ineffective recruitment
of effector T-lymphocytes in the tumor tissue, hindering
the body’s ability to kill esophageal cancer cells. In addition,
under special circumstances, the TIDCs cannot effectively
stimulate T-lymphocyte activation, and in fact, exerts
an immunosuppressive effect. This is largely due to the
immature or abnormal differentiation of the TIDCs, which
is characterized by low positive rates of MHC-II and CD54
(23,24). In the tumor microenvironment, immature DC
cells have strong antigen uptake and processing ability, but
they cannot activate T cells due to the lack of a variety of
costimulatory molecules, resulting in the incompetence
or low response of T cells. Our study demonstrated
a decreased number of TIDCs in esophageal cancer
tissues and most of the DCs were functionally immature.
These immature DCs inhibit the proliferation of effector
T-lymphocytes, promote the drift of Th1/Th2 cells to the
Th2 phenotype, and finally lead to the rapid growth and
metastasis of esophageal cancer cells.

This report also revealed that the decrease in the
percentage of TIDCs, MHC-II positive DCs, and CD54
positive DCs in esophageal cancer tissue is related to lymph
node metastasis, TNM stage, and lesion size in patients
with esophageal cancer. The small number of TIDCs and
their immature function in esophageal cancer tissue are
conducive to the rapid growth of esophageal cancer cells.
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In addition, this study showed that the density of TIDCs,
MHC-II positive DCs, and CD54 positive DCs were
significantly negatively correlated with CD4" T-lymphocytes
and positively correlated with CD8" T-lymphocytes
(P<0.05). Stimulated by anti-inflammatory factors, CD4"
T-lymphocytes mainly differentiate into regulatory
T-lymphocytes, resulting in tumor immune escape.
Under the stimulation of inflammatory factors, CD8"
T-lymphocytes differentiate into cytotoxic T-lymphocytes
and kill tumor cells. The increase of CD4" T-lymphocytes
and the decrease of CD8" T-lymphocytes in tumor tissues
indicates a Th1/Th2 immunity drift towards Th2 immunity.
Previous studies have demonstrated that the drift of Th1/
Th2 immunity to Th2 immunity is an important mechanism
of immune escape in various tumor cells (25,26). Thus,
small numbers and low functionality of DCs in esophageal
cancer tissue can lead to the imbalance of immune function,
thereby promoting the growth of tumor cells.

There are several main mechanisms through which DCs
exert their anti-tumor activity. First, DCs can exert anti-
tumor activity via high expression of MHC-I and MHC-
II molecules. MHC molecules recognize tumor antigens
and form peptide-MHC molecular complexes, which are
presented to T-lymphocytes. This initiates the MHC-I
restricted cytotoxic T-lymphocyte reaction and the MHC-
II restricted CD4" Thl reaction (27). The high expression
of costimulatory molecules on DCs also provides a second
signal molecule for the activation of T-lymphocytes and
initiation of the immune response (28,29). Second, DCs can
combine with T-lymphocytes to secrete a large number of
inflammatory factors, such as interleukin (IL)-12, to activate
T-lymphocyte proliferation, induce cytotoxic T lymphocyte
production, dominate Th1l immune response, and kill tumor
cells (30). Third, DCs can secrete specific chemotactic
initial T-lymphocytes to promote the aggregation of
T-lymphocytes in tumor tissues, enhance the cytotoxic
effect of T-lymphocytes on tumor cells, maintain the
aggregation of effector T-lymphocytes in tumor tissues, and
release IL-12, interferon (IFN)-y, and other antiangiogenic
substances to inhibit tumor angiogenesis (31). DCs can also
directly present antigen peptides to CD8" T-lymphocytes
and activate CD8" T-lymphocytes with the help of activated
CD4" T-lymphocytes. CD4" T-lymphocytes and CD8"
T-lymphocytes can further enhance the body's anti-tumor
immune response by secreting cytokines or via direct
killing. When the number of TIDCs decreases and its
function is low, the cytotoxic effect of TIDCs on tumor
cells is inhibited, promoting the growth and survival of
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tumor cells.

There were several limitations to this investigation.
The study only analyzed the correlation of TIDC density
and phenotypes with clinicopathological features of
patients. Only lymph node metastasis, high TNM stage,
and large lesions were used as indicators of poor prognosis
in this study. Indeed, TIDC density and phenotypes may
have great predictive value for prognosis in patients with
esophageal cancer. Moreover, the short follow-up period in
this study did not allow for an in depth exploration of the
relationship between TIDC density and phenotypes and
postoperative recurrence, metastasis, and mortality. Finally,
we did not detect vascular endothelial growth factor in
esophageal cancer.

In conclusion, this report demonstrated low expression
and function of TIDCs in patients with esophageal cancer,
and this was related to the imbalance of T-lymphocyte
subsets, lymph node metastasis, TINM stage, and lesion size.
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